The pair correlation function, or the relative pair distribution function, of a high density imperfect electron gas in the ground state is computed numerically versus the distance between two electrons with antiparallel spins on the one hand and with parallel spins on the other, for three values of density for each. In the latter case, it is computed, using an approximate expression, only over the distance small compared with the reciprocal of the Fermi momentum divided by ft. In both cases it increases monotonously with distance for a value of density and decreases with density for a fixed distance due to the increasing effect of Coulomb repulsion with decreasing density. § I. Introduction
It has been well known that, in an ideal electron gas, the pair correlation function g (r 1 a-r, r 2 a-2), that is, the probability of finding the second electron of spin a-2 at the position r 2 when the first of spin a-1 is known to be at J"t, is, in the ground state, unity over the whole value of lr1 -r 2 1 if o-1 :Fo-2 , and, if o-1 =o- 2 , increases gradually from zero with lr 1 -r 2 1, as given in Eq. (4) , showing the hole, the so-called Fermi hole/) near lr 1 -r21 =0.
If the Coulomb repulsion among electrons is taken into account, the pair correlation function may, of course, be expected to show a behavior considerably different from the ideal case, and it is difficult to obtain its expression in the moderate densities. Only in the case of extremely high densities, the gas behaves nearly ideally, and we can calculate the pair correlation function using the Green function formalism, as was the case in calculating the correlation energy up to the terms proportional to In rs and also independent of r 8 , following the basic idea of Gell-Mann and Brueckner.
)
In this report, confining ourselves to such a case of high densities, we first
give the general expression of the pair correlation function in § 2 and compute it numerically in the cases of antiparallel spin ( § 3) and of parallel spin only with an approximate expression ( § 4). The results are given in Fig. 1, Fig. 2 , In the ground state of an electron gas, the pair correlation function (hereafter abbreviated as p.c.f.) g (rla-h r2o-2 ) of the two electrons at r 1 and r 2 and
where <f; and sb* are field operators, n the mean number density and ( ) means the expectation value of the operator inside the bracket in the ground state of the gas.
By the two-electron Green function G (rto-1 tr, r 2 o-2 t 2 ; r/ a-/ t/, r/ o-/ t/), defined as
¢"(r, t) and </•"*(r, t) being the Heisenberg representation of </•"(r) and ¢"*(r), the p.c.f. g (r 1 o-h r 2 o-2 ) is expressed as
ti--J>-t+ the right-hand side becoming independent of t. In a free electron gas, replacing a set of rt by x,
where G 0 (xo-; x' a-') stands for the one-particle Green function without interaction defined by
In the limit of t' ->t+, after easy calculations we obtain (4) showing the Fermi hole in the case of parallel spin. Now in an interacting electron gas, tl-:.e sum of Ec (the correlation energy) and Ex (the exchange energy) is given as
JJ assuming the presence of a uniform background of positive charges that makes the system neutral. Here T' (r 1 -r 2 ) is the Coulomb potential and g (r 1 o-t, r 2 o-2 ; )) denotes the p.c.f. in the interacting gas with mutual potential i.v. We seek for the expression of g which gives the value of Ec correctly up to the terms proportional to In rs and also independent of r 8 (rs is the radius, in the unit of Bohr radius, of the sphere of the volume per electron).
As is known,nl the two-electron Green function is given, to the abovementioned approximation, as
where ) ···dy means the integration by space and time coordinates and V(y-z)
is the e:iective interaction, of which the four-dimensional Fourier transform, V (q, (IJ), is given in Eq. (7).
From Eq. (2), therefore, the expression of g (r 1 fT 1 ; r 2 a-2 ) is obtained by the straightforward calculation taking the limit of t' ->t+ in Eq. (5), as where 00
,, In the case of parallel spin, we obtain the result by setting CJ 1 =a-2 in Eq. (6). As it is very difficult to compute the third term of the equation numerically, we handle it here with the approximate expression of A(q, w; r) and B(q, (O; r) confining ourselves to the range of rpp<!t;1, or sla~1. In this range, to a good approximation, we can use the expressions and
Here £9 is the angle between q and r, and
The third term of Eq. (6) becomes, deforming again the contour of the integration by (I) to the imaginary axis, The p.c.f. is also given in Fig. 4 versus r/ a. Here again, g (r) decreases with density for a fixed r, due to the increasing effect of Coulomb repulsion.
As is seen from the results obtained above ( § 3 and § 4), the mean of p.c.f. of the two cases for a valur:; of r, i.e. the probability of finding the second electron, regardless of its spin, at a distance r from the first one, is positive near r= 0. This is to be compared with that obtained by Glick and F errell 4 J using the random phase approximation with the negative values near r=O.
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